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Abstract 
Because of economic globalization and the prosperous of international trade since 1990s, the container liner business has been 
developing in an unprecedented speed and has brought vitality to the shipping industry. In the second half of 2008, the outbreak
of the global economic crisis has resulted in the depression of international trade and the shipping industry downturn. In 
searching for the survival in such competitive environment, instead of solely dependent on large-scale investments, shipping 
companies need to enforce scientific management, and invest the right ships into the right routes to maximize cost reduction and
efficient transport. In this paper, combined with the characteristics of the existing shipping market, a rational bi-objective fleet
deployment model is established, and a genetic algorithm (GA) is proposed. In the end, the efficiency and practicability of the
proposed model will be illustrated by examples. 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Department of Transportation Engineering, Beijing Institute of Technology. 
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1. Introduction 
With the rapid development of international container transportation, the pressures brought about by the fierce 
competition among shipping companies has been enormous than ever. In order to cope with such a competitive 
competition environment, the most direct way for the shipping companies is to carry out a large-scale expansion and 
investment, but this is not only costly but also unable to guarantee an effective result. Nowadays, while the rational 
allocation of the ship is an effective method in reducing cost and absorbing excess capacity, dropping sailing speed 
is an efficacious measure taken by many companies as well. Maersk’s introduction of “super slow voyage” is a good 
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example. Thus, reducing costs and absorbing capacity have been perceived as major priorities for shipping 
companies now. 
Applying fleet deployment plays a significant role in the rational allocation of shipping enterprises with limited 
resources, which affects the economic efficiency, competitiveness and the development of enterprises. This can be 
further illustrated by researches conducted by scholars at home and abroad. For instance, Nicholson and Pullen [1] 
established a linear programming model with minimum fleet cycle cost as the goal to tackle the chronic bulk fleet 
route planning problem of ships. To solve the problem with the fleet deployment, Taramillo [2] used a nonlinear 
programming method and the method of Lagrange multipliers to establish a nonlinear model of a ship speed of the 
objective function. Su Shao-juan [3] used Particle Swarm Optimization algorithm to establish uncertainty ship fleet 
deployment model, and expanded the scope of the study. Gelarech [4] proposed the issue of container liner ship fleet 
deployment, and conducted research on the optimization and operational decisions with the direction of the 
container ship routes. Xu hua [5] focused on the container liner ship fleet deployment decisions behavior with the 
method of game theory. Furthermore, he proposed a fleet deployment optimization combined with a capacity idle on 
a multi-route and multi-hull, which provides a new method of settlement. Most of the current study seeks for a 
relatively good fleet deployment program, and they do not take into account of the market situation today [6]. With 
the transformation of the international situation, the shipping market changes [7]. The shipping companies, 
especially the liner companies should follow the market, increase the strength of scientific management, allocation 
of transport network and ship resources rationally [8]. A reasonable number of different ships are to put onto a 
reasonable route, in order to achieve the minimum cost and maximum capacity, which is to improve the core 
competitiveness of the shipping company scientific means [9]. 
This paper proposes a bi-objective model where the two objection respectively are the minimum cost and 
maximum capacity, which consider the effect of fleet deployment with minimum waste on capacity. The model 
meets the current market environment, and it can provide reference and theoretical basis for making fleet 
deployment scheme of shipping companies. 
The organization of this paper is as follows: section 2 gives assumptions and proposes a bi-objective model. 
Section 3 provides an efficient genetic algorithm to solve the proposed model by a case. Finally, some conclusions 
and recommendations for further research are proposed. 
2. Problem statements and model building 
2.1Problem statements 
Liner ship fleet deployment is the assignment of ships to liner service routes for delivering containers in a 
planning horizon, and it requires to be technically feasible and economically reasonable. Feasibility in technique 
means that the technique and operational suitability between routes and ships need to estimate it according to 
objective conditions and practical experience. We can find optimization problems in the reasonableness of economic, 
that is to say, when cargo volume is same, how to assign the ships can minimize the total cost, which is then main 
contents of the paper. 
Suppose there is one shipping company that has n  different types of ships and operations m  routes. The solution 
of this problem is to get a plan that gives how many ships should be assigned on each route. 
2.2 Assumptions 
Note that our formulation of the problem has some presumptions as follows: 
(1) The study period does not carry out new ship construction investment, and the all of increase of capacity are 
from the rent of ships, and there are no decommissioned ships; 
(2) The increase or decrease of capacity does not affect the schedule on the route liner, namely it does not affect 
the speed of the ship’s voyage; 
(3) All transportation demand on every route must be satisfied; 
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(4) Once a route is determined, the order of ports of call is determined. Voyage time is equal to the same ship 
calling the same port in adjacent time, of which the port time and canal time is constant. The calling times of a port 
in each year are equal to the voyage number of the route. 
(5) The ship speed is same in different loading segment (i.e. different loading conditions), namely, regardless of  
the ship space utilization, the speed is same. This is a practical assumption, given the load ratio of container is lower 
than the bulk and tanker fleet’s, therefore, there is no obvious influence for ship when the water pressure conditions 
of container ship changes, that is to say less influence by reducing capacity. 
2.3 Model building 
The model can be formulated as follows: 
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For parameters, where 
ijt
B  is the fuel cost in the year t , j route of i  -type ship, 
ijt
R  is the cost of the canal in the 
year t , j route of i -type ship, ijtH is the port charge in the year t , j route of i -type ship, and itG  is the idle cost and 
charter cost in the year t  of i -type ship. itE is the number in the year t  of i -type ship. iO  is one i -type ship 
capacity. itZ is the added number of i -type ship in the year t . itO  is the idle number of i -type ship in the year t . jtS is
the transportation demand in the year t  of j route. i I  is the set of existing ship. j J is the set of existing route 
which shipping company has. t T is the planning period. 
For variables, ijtx  is the number in the year t , j route of i -type ship. ijty  is the transport volume in the year t ,
j route of i -type ship. 
The objective function (1) aims to minimize the total operating costs and the transportation capacity loss of the 
fleet during the study period. Constrains (2) reflect that the transportation demand of each route must be met. 
Constrains (3) means the fleet quality balance, which ensures the fleet number of equilibrium. Constrains (4) 
guarantees non-negativity of the ships quantity. 
In the model, the algorithm of fuel cost, the cost of the canal, port charges, idle cost and chartering cost are as 
follows: 
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In the formula (6-9), ibd  is fuel consumption per day of i -type ship. jL is the distance of route j . iv  is the speed 
of i -type ship. oP  is the price of fuel per ton. ijtn  is the times of voyage in the year t , j route of i -type ship. sP
and
pP  reflect respectively the rate over the Suez Canal and the Panama Canal. uP is the rate of port charges. iNT  is 
the net ton of i -type ship. itZC is the charter cost in the year t  of i -type ship. itOC  is the idle cost for one ship in 
the year t  of i -type ship. 
3. Algorithm 
3.1. Transformation of bi-objective function 
Considering the actual situation of fleet deployment and characteristics of the model above, this paper transforms 
bi-objective model into single objective model by the constraint method. We put 
1
f  as the main objective function 
and put 
2
f  into constrain condition after processing. The method of processing 
2
f  is to set a constant U , and then 
make 
2
f Ud  ( U  value depends on the desired value). Thus, the new model is as follow: 
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Other constrains are same as described above. 
3.2. The GA 
There are several meta-heuristic algorithmic frameworks we can choose to solve the bi-objective programming 
model, including the genetic algorithm (GA), particle swarm optimization techniques, tabu search, and simulated 
annealing. This paper uses an efficient GA to solve the proposed problem [10]. 
(1) Chromosome design 
In this paper, we use integer coding instead of traditional binary coding. We put the number of a ship which is on 
each route every year as a gene, and chromosome length is M N Ku u  . We use a chromosome with a 2 year 
planning period, 3 routes and 3 types ship as an example. The sixth gene indicates the number of the first year, the 
second route on the third type ship is 5. We show the chromosome structure as figure 1. 
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Fig. 1. Chromosome structure. 
(2) Generate initial population 
(Initialization): Define an integer N  randomly as the number of chromosomes. As mentioned above, the 
population size takes 20-100 generally. 
(3) Fitness function 
The fitness function is defined over the genetic representation and measures the quality of the represented 
solution. Since the objective function of fleet deployment model in this paper is to minimize the total cost of the 
fleet during the planning period, therefore, the fitness function may be taken as    1Fit i f i .
(4) Selection 
During each successive generation, a proportion of existing population is selected to breed a new generation. 
Individual solutions are selected through a fitness-based process, where fitter solutions (as measured by the fitness 
function above) are typically more likely to be selected. In this paper, we use the roulette wheel selection operation 
method to choose parent chromosomes from the population. 
(5) Crossover 
The crossover operation is by the way of random probability, and the information exchanges between individuals 
of the population to generate new chromosomes, which can increase population diversity. The crossover operator of 
genetic operation plays an important role in the genetic algorithm. There are many kinds of crossover operations, 
and this paper uses tow-point crossover. Firstly we define parameter cp  as the probability of crossover operation, 
and then we pair chromosomes which need for crossover operation randomly. Generate two random number A and 
B between 1 and K M , then exchange all genes in sequence on the A segment and B segment to the route as a unit. 
(6) Mutation 
With a mutation probability, denoted by mp , mutate the new offspring at selected positions in the chromosome. 
(7) Stopping criterion 
If a stopping criterion is fulfilled, terminate, and output the best solution from the population. The termination 
criterion used in this paper is the maximum number of generations specified. 
4. A real world case 
4.1. The current situation of Company A
Company A has a number of container ships and operates 80 international routes and 21dometic routes. To 
facilitate the demonstration, this paper chooses 3 representative routes among them to research. 
Route 1. China India Middle East express 
Shanghai - Ningbo –Hong Kong- Shekou - Singapore – Jebel Ali - Dammam – Port Kelang – Dachan Bay - 
Shanghai 
Route 2. French Asia line 
Southampton - Hamburg - Rotterdam - Zeebrugge - Le Havre – Malta (Freeport) - Khor Al Fakkan - Ningbo - 
Shanghai - Xiamen – Hong Kong - Chiwan – Yantai – Port Kelang – Tanger Med - Southampton 
Route 3. Red sea exprss 
Xiamen – Yantian – Shekou – Port Kelang – Djibouti - Jeddah– Port Sudan – Djibouti – Port Kelang – Xiamen. 
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(1) Current situation of   company A fleet deployment 
According to the demand of cargo volume, in order to meet the total capacity with the greatest economic benefit,  
company A puts  ships with different capacity on different routes. At present, the fleet deployment in the 3 routes is 
as shown in table 1. 
(2) Cargo volume 
The ship configuration on the route needs to meet the freight on this route. We can see the predicted volume on 
each route in the table 2. 
(3) Route parameter 
Due to different route parameters of each route, the operation cost will be different in different routes. Route 
parameters of different routes are shown in table 3. 
(4) The costs and expenses of different ship types 
In order to simplify the calculation, this paper puts different costs (i.e. fuel cost, the cost of canal, port charges) of 
each route together and creates it as operating cost, and then puts the operating cost , charter cost and idle cost of 
different ship types together, which is shown in table 4. 
Table 1. Fleet deployment of company A. 
Ship type˄TEU˅ Self-owned ships number Route 1 Route 2 Route 3 
4700 9 7 12    
5390 13 6     7 
6420 7 7        
Total number 29 20 12 7 
Table 2. Cargo volume on each route       unit: TEU=twenty foot equivalent unit. 
route 2013 2014 
1 151155 162504 
2 92127 113491 
3 48588 60080 
Table 3. Route parameters of different routes. 
Route 
Distance
(mile) 
Number of port 
of call 
Anchoring 
time(day) 
Ship speed 
(knot) 
Sailing time 
(day) 
1 14451 10 8 22.0 27.4 
2 22781 16 11 22.0 43.1 
3 13468 10 12 15.0 37.4 
Table 4. The costs of different types ship on each route.                                                                                           (dollar) 
Ship type(TEU) 
Idle cost per 
year 
The rent per day 
Operating cost per year 
Route 1 Route 2 Route 3 
6420 3676470 15750 468382 356749 359572 
5390 2352941 14800 175936 259422 279568 
4700 1617647 14100 226437 153144 154368 
4.2. Computational results  
In this paper, we use C# programming language as a platform to implement the experimental software to solve 
the bi-objective fleet deployment model. The parameters for the algorithm are as follows: population size is 100, the 
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iteration
maximum number of generations is 100, the crossover probability is 0.9, the mutation probability is 0.01, and the 
parameter U  is 0.2. We test ten times, and the average calculation time is 2.1s. We import the optimal solution to 
EXCEL table, and then get the optimal value convergence figure, which is shown in figure2 and figure3. In figure2 
and figure3, the red line is the current optimal solution at each iteration, blue line is the best solution found until 
current iteration. We obtain the results of fleet deployment which is shown in table 5. 
Table 5. Optimization result for fleet deployment. 
Year Ship type Route 1 Route 2 Route 3 
Number of 
renting ship 
Number of idle 
ship 
2013 
6420 5 2 1 1 0 
5390 12 8 7 14 0 
4700 1 1 1 0 6 
Total number 18 11 9 15 6 
2014 
6420 5 0 3 1 0 
5390 14 9 7 17 0 
4700 1 1 1 0 6 
Total number 19 10 11 18 6 
Fig. 2. The optimal value convergence figure of 2013. 
Fig. 3. The optimal value convergence figure of 2014. 
Table 5 shows the optimization results for fleet deployment of different routes. We can realize that different types 
of ships on the fleet deployment show a characteristic of combination of the size of the ship, which is different from 
iteration
398   Yajie Song and Yixiang Yue /  Procedia Engineering  137 ( 2016 )  391 – 398 
the present situation that there is only one type ship on the route. While the optimization results also show the ship 
scale effect, large container ships are more competitive in terms of cost. Affected by the world economic situation, 
the container ship rent is in low tide nowadays. Compared with investing new ships, renting a large ship is more 
economical, which can also reduce the investment risk. Putting the capacity on the different routes reasonably by the 
scientific way to minimum the total cost of all route, and at the same time the extent of capacity waste is in 
reasonable range, which meets the requirements of the model. Trying to use the genetic algorithm to solve the model, 
it avoids the tedious calculations and provides a new and efficient solution for solving large-scale fleet deployment 
problems. 
5. Conclusions 
This paper proposes a bi-objective fleet deployment model to minimum the total costs and reduce  capacity waste, 
and uses GA to solve the model and gets a final solution for the proposed problem. And the model makes up for the 
shortage of the existing models. A real world case illustrates the efficiency and practicability of the proposed model. 
References 
[1] Nicholson, T.A.J., Pullen, R.D., 1997. Dynamic programming applied to ship fleet management. Operational Research Quarterly, 22(3), 211-
220. 
[2] Perakis, A.N.; Taramillo, D. I., 1991. Fleet Deployment Optimization for Liner Shipping Part 1: Background, Problem Formulation and 
Solution Approaches.Maritime Policy & Management, 18(03), 183-200. 
[3] Su, S.J., Wang, L.Z., Wang, C.F., 2007. Mathematical model and method research of ships routing for indeterminate route. Ship & Ocean 
Engineering, 36(4), 100-103. 
[4] Shahin, G., 2010. Liner shipping hub network design in a competitive environment.Transportation research, Part E. Logistics and 
transportation review,46E(6), 991-1004. 
[5] Xu, H., Ning, T., Tian, L., 2012. An optimization model of container liner service in competitive market. Journal of Dalian Maritime 
University,38(3), 55-58. 
[6] ShintaniK, I. A., Nishimura, E., Papadimitriou, S., 2007. The container shipping net work design problem with empty container repositioning. 
Transportation Research Part E, 43(1), 39-59. 
[7] YANG Qiu-ping, XIE Xin-lian, Su chen. Model of ship routing and fleet planning and its algorithm. Navigation of China, 2009, 32(1), 91-95. 
[8] Karlaftis, M. G., Kepaptsoglou, K., Sambracos, E., 2009. Containership routing with time deadlines and simultaneous deliveries and pick-ups. 
Transportation Research PartE, 45(1), 210-221. 
[9] Zhang, H.J., 2007. Research on liner fleet deployment problem. Zhe Jiang University. 
[10] Mourao, M. C., Pato, M. V., Paixao, A. C., 2002. Ship assignment with hub and spoke constraints. Maritime Policy and Management, 29(2), 
135-150. 
